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. Our group reported thyroid dysfunction to be very common in patients with HIV infection (25.04%) with subclinical hypothyroidism being the predominant form observed in 14.76 per cent patients 1 . No data are available on the prevalence, pattern and predictors of hypogonadism among HIV-infected patients in India. Early detection and treatment of hypogonadism is important as it is associated with increased frailty, impaired quality of life, poor bone mineral health, metabolic syndrome and adverse cardiovascular outcomes, resulting in increased morbidity and mortality [2] [3] [4] . The prevalence of hypogonadism among HIV-infected males across the globe has been reported to be variable ranging from 13 to 40 per cent 2 . Heterogeneity in the definition of hypogonadism, different serum testosterone cut-offs used for diagnosis, variability in demography and clinical characteristics of the cohort evaluated may explain this variability 2 . In spite of the considerable data on HIV and male hypogonadism from across the globe, data on pattern and predictors of hypogonadism in females with HIV infection are scant. Hence, the aim of this study was to evaluate the presence, patterns and predictors of hypogonadism in males and females with HIV infection attending an antiretroviral therapy (ART) clinic in a tertiary care hospital in north India.
Material & Methods
The study was conducted in the ART clinic at Post Graduate Institute of Medical Education and Research & Dr. Ram Manohar Lohia Hospital, New Delhi, India, during August 2014 to July 2015. Consecutive ambulatory patients, 18-70 yr age, with serologically documented HIV infection, in stable clinical condition without any acute, severe illness, attending the ART clinic were considered. Severely ill patients with multiple comorbid states, who would warrant hospital admission, were excluded. Patients with known primary disorders, afflicting the hypothalamic-pituitary-gonad axis (for example, hypogonadotropic hypogonadism, either isolated or as a part of multiple pituitary hormone deficiency), those with the previous history of glucocorticoid, androgens, anti-androgens or gonadotropin-releasing hormone analogues supplementation, and those with vitamin D and/or calcium supplementation in the last six months were also excluded. Patient records were reviewed and patients having clinical data of at least one year of follow up were further evaluated. Patients with available CD4 cell counts at diagnosis and at first follow up (6-12 months after diagnosis) were included in the study. The study protocol was explained to the patients and only those who gave informed written consent were included. The Institutional Ethics Committee approved the study protocol.
Data were collected from the patients and their records regarding the duration of diagnosis of HIV infection and details of HAART. Data were also collected regarding the past or current evidence of infections including opportunistic infections (bacterial, viral and fungal). History of erectile dysfunction (ED) was taken in males using the International Index of Erectile Function (IIEF-5) Questionnaire 3 . A detailed history of menstruation was taken in females. All patients underwent detailed clinical assessment including anthropometry. The patients were called the subsequent day in fasting state for blood sampling. Blood samples of 5 ml each were collected in plain and EDTA vacutainers (Becton Dickinson, USA). Serum was separated from blood collected in plain vacutainer and processed immediately for routine biochemical analysis, and one aliquot of serum was stored at −20° C for specific immunological (hormonal) assays. EDTA sample was processed for haematological analysis. Taking all the phases (early follicular, mid-follicular and luteal phase) of the cycle into consideration, the normal range of oestradiol in our laboratory was 20-350 pg/ml. The reference range of FSH in females was 1.4-21.4 mIU/ml. Oligomenorrhoea was defined as women having menstrual cycle duration of more than 35 days or less than nine cycles in the past year 6 . Amenorrhoea was defined as absence of menstruation of more than six months duration 6 . Peri-/post-menopausal state was defined in women having age more than 40 years. POI was defined as women <40 yr of age having oligomenorrhoea/amenorrhoea with serum FSH >40 mIU/ml 7 . HypoH was defined as women having oligomenorrhoea/amenorrhoea with serum LH lower than the normal reference limit 7 . Reference range of LH in females was 0. All continuous variables expressed as mean ±SD; All discreet variables have been expressed as absolute n (%); a Not normally distributed, Kruskal-Wallis one-way ANOVA used for analysis; Normality checked using Kolmogorov-Smirnov test; P<0.05 considered significant; # P-value calculated using Chi-square test; * Viral infections include hepatitis-B, hepatitis-C and others. AZT, 3TC, d4T and/or TDF were the NRTIs received by the patients; NVP or EFV was NNRTIs received by the patients; ATV or RTV were the PI received the patients. HAART, highly active antiretroviral therapy; NRTIs, nucleoside reverse transcriptase inhibitors; NNRTIs, non-nucleoside reverse transcriptase inhibitors; PI, protease inhibitor; 25-(OH) D, 25-hydroxyvitamin D; TLC, total leucocyte count; ESR, erythrocytic sedimentation rate; ALP, alkaline phosphate; ALT, alanine aminotransferase; HIV, human immunodeficiency virus; SD, standard deviation; AZT, zidovudine; 3TC, lamivudine; TDF, tenofovir; NVP, nevirapine; EFV, efavirenz; ATV, atazanavir; RTV, ritonavir; d4T, stavudine; BMI, body mass index; LH, luteinizing hormone; FSH, follicle stimulating hormone Not normally distributed, Wilcoxon rank sum test was done for analysis; normally distributed continuous variables were analyzed using unpaired t test; normality checked using Kolmogorov-Smirnov test; P<0.05 considered significant; # P-value calculated using Chi-square test; * Viral infections include hepatitis-B, hepatitis-C and others. AZT, 3TC, d4T and/or TDF were the NRTIs received by the patients; NVP or EFV was NNRTIs received by the patients; ATV or RTV was the PI received the patients. HAART, highly active antiretroviral therapy; NRTIs, nucleoside reverse transcriptase inhibitors; NNRTIs, non-nucleoside reverse transcriptase inhibitors; PI, protease inhibitors; 25-(OH) D, 25-hydroxyvitamin D; TLC, total leucocyte count; ESR, erythrocytic sedimentation rate; ALP, alkaline phosphate; ALT, alanine aminotransferase; POI, premature ovarian insufficiency; HH, hypogonadotropic hypogonadism; SD, standard deviation; AZT, zidovudine; 3TC, lamivudine; TDF, tenofovir; NVP, nevirapine; EFV, efavirenz; ATV, atazanavir; RTV, ritonavir; d4T, stavudine; BMI, body mass index; LH, luteinizing hormone; FSH, follicle-stimulating hormone; HIV, human immunodeficiency virus variables. Multiple linear regression analyses were done to determine variables that independently influenced the occurrence of hypogonadism after adjusting for factors in different models. SPSS version 20 (Chicago, IL, USA) was used for analyses.
Results
Five hundred and twenty seven consecutive patients were screened, of whom 359 patients (225 males and 134 females) who fulfilled all inclusion and exclusion criteria and gave informed written consent were included in the study (Fig. 1) . (Tables I and II) . One hundred and forty five of the 359 (40.67%) patients had a history of tuberculosis (Table I) , 322 (89.69%) patients had 25(OH)D <30 ng/ml with mean of 20.23±9.13 ng/ml.
Of the 225 males, 88 (39.11%) with HIV infection had testosterone <300 ng/dl (Fig. 2) . Primary, secondary and compensated hypogonadism were observed in 7.56 per cent (17/225), 31.56 (71/225) and 12.44 per cent (28/225) males, respectively (Table I and Fig. 2) . One hundred and thirty eight males (61.33%) complained of ED (Table I) . ED was significantly more common in men with serum testosterone <300 ng/dl. Patients with testosterone <300 ng/dl (primary and secondary hypogonadism) had significantly lower oestradiol as compared to those with compensated hypogonadism and eugonadism. Male patients with hypogonadism were significantly older (P=0.009) and tended to have a longer duration of HIV infection (P=0.05) as compared to those with eugonadism (Table I ). The occurrence of opportunistic infections was significantly higher in males with primary or secondary hypogonadism. CD4 cell counts, use and nature of HAART, haemogram, lipid parameters and 25(OH)D levels were comparable among males with hypogonadism as compared to those without (Table I) .
Menstrual abnormalities (oligomenorrhoea/ amenorrhoea) were observed in 40.3 per cent (54/134) of HIV-infected females (Table II) . Patients with menstrual abnormalities were significantly older (P<0.001), had lower CD4 cell count (P=0.038) and had significantly higher history of tuberculosis (P=0.005) as compared to those with regular cycles (Table II) . Twenty five of the 54 women (46.3%) with menstrual abnormalities were in the peri-/post-menopausal state with age >40 yr ( Fig. 3A and B) . Nine (16.2%) and seven (13%) women had menstrual abnormalities due to POI and HypoH, respectively (Fig. 3A, B and Table II ). The cause of menstrual abnormality could not be determined in 13 (24.1%) females (Table II) .
Stepwise linear regression analysis revealed age, CD4 cell count at the diagnosis of HIV infection and 25(OH)D to be persistent predictors of occurrence of low testosterone (<300 ng/dl), at baseline (Model 1), after adjustment for weight and duration of HIV infection (Model 2) and after additional adjustment for opportunistic fungal infections and viral infections (Model 3) (Table III) . Increasing age, lower baseline CD4 count and lower 25(OH)D levels were associated with significantly higher occurrence of low serum testosterone (Table III) . History of opportunistic infections, tuberculosis and nature of HAART received were not predictors of hypogonadism in males.
Age was the only consistent predictor of POI in women with HIV infection <40 yr age, with increasing age associated with increased occurrence of POI (Table IV) . Serum oestradiol as an independent predictor of POI was lost after adjusting for LH and FSH (Model 3) (Table IV) . Δ-CD4 count (change in CD4 count at 6-12 months follow up with regard to baseline) tended to be a good predictor of occurrence of POI, after adjusting for weight, opportunistic infections, tuberculosis, LH and FSH (Model 3). The greater increment in CD4 count was associated with lower risk of POI (P=0.08) (Table IV) .
Discussion
Hypogonadism was observed in 39.11 per cent HIV-infected males in our study with HypoH being the predominant form, constituting 80.68 per cent of all patients with testosterone <300 ng/dl, which was in accordance with the previous report 9 . Rochira et al 10 reported HypoH in 86 per cent hypogonadal patients with testosterone <300 ng/dl. Our study showed that males with hypogonadism were significantly older and had HIV infection for longer duration. Increasing age, lower baseline CD4 count and lower 25(OH)D were observed to be predictors of male hypogonadism. Previous studies have demonstrated age, body mass index (BMI) and increased visceral adiposity to be predictors of hypogonadism in males [9] [10] [11] . However, literature linking CD4 count and viral load to hypogonadism have been conflicting with some but not all reports documenting a link 2, [9] [10] [11] . Low vitamin D has been reported to be common in patients with HIV infection 12 . Vitamin D deficiency has been linked with more rapid decline in CD4 cell count, higher occurrence of osteoporosis, cardiovascular disease, diabetes, autoimmune disease and cancer in HIV-infected patients [12] [13] [14] . Vitamin D insufficiency among HIV-infected patients in our study was 89.69 per cent, which was higher than that observed in the general Indian population (70-75%) 15 . Increased prevalence of vitamin D insufficiency in HIV-infected men has been reported from Italy 16 . Low vitamin D was found to be a predictor of hypogonadism among males in our study. In the European Male Ageing Study 17 , evaluation of 3369 community-dwelling men aged 40-79 yr in eight European centres, revealed a significant association of vitamin D deficiency with secondary (relative risk ratio 1.16, P=0.05) and compensated (relative risk ratio 1.52, P=0.03) hypogonadism. Similarly, low vitamin D was associated with a higher prevalence of hypogonadism (odds ratio 1.50; 95% confidence interval 1.14-1.97) in 2854 community-dwelling Chinese men evaluated from 16 different centres 18 . Type-2 diabetes patients with hypogonadism have been reported to have a significantly higher prevalence of vitamin D deficiency as compared to those without hypogonadism 19 . The underlying mechanism linking vitamin D with hypogonadism has not been well determined. Increased systemic inflammation, inflammatory cytokines and insulin resistance, which are commonly seen with vitamin D insufficiency may have some role 18, 20, 21 . It has been demonstrated that supplementation of calcidiol (25-hydroxylated form of vitamin D) and not its precursor cholecalciferol (commonly used for treatment of vitamin D deficiency) is a better way to restore restores 25(OH)D levels in patients with hypogonadism 22 . Leydig cells in testis express CYP2R1 gene, which encodes the major enzyme involved in 25-hydroxylation of vitamin D. Hypogonadism is associated with decreased expression of CYP2R1, which results in decreased 25-hydroxylation enzyme activity, leading to decreased hydroxylation of cholecalciferol, which may also contribute to low 25(OH)D levels in these patients 22 .
The mechanism of hypothalamic-pituitary-gonadal axis suppression in HIV-infected patients has not been 
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well studied and is likely to be multifactorial. Low body weight and BMI may be markers of frailty, which is associated with a functional hypothalamic suppression resulting in HypoH. Increased adiposity, especially visceral adiposity, altered body fat distribution secondary to lipodystrophy may lead to increased aromatization of androgens to oestrogen, contributing to LH and FSH suppression 2, 10 . Body fat distribution and lipodystrophy were not assessed in this study and were limitations of this study. Primary hypogonadism among HIV-infected males in this study was only 7.56 per cent, which was in accordance with previous reports 10 . However, 12.44 per cent males had compensated hypogonadism (elevated LH with normal testosterone), which might be a precursor to primary hypogonadism later in life. Testicular inflammation, direct testicular damage, reduction in Leydig cell number in patients with more severe disease explains the development of primary hypogonadism 2, 23 . It has been suggested that the prevalence of primary hypogonadism in HIV-infected males declines with the introduction of HAART 23 . ED was common among HIV-infected men in this study. The previous studies have also reported a high prevalence of ED among HIV-infected males ranging from 55 to 74 per cent 9, 24 . Data on patterns and predictors of hypogonadism in HIV-infected females are scant. A study of 123 HIV-infected women aged >50 yr from England revealed higher rates of premature menopause (6.8%), early menopause (6.8%) and cervical cytological abnormalities (47%) 25 . A pilot study from Burkina Faso showed higher prevalence of premature menopause in 55 HIV-infected women (5.5%) as compared to normal women (1.4%) 26 . A study on 78 HIV-infected females from France observed abnormal FSH, inhibin-B and anti-Mullerian hormone in 36, 57 and 23 per cent patients, respectively, suggestive of impaired ovarian reserve and reduced fertility 27 . Studies from the USA and Latin America have suggested HIV infection to be independently associated with menopause-related symptoms [28] [29] [30] . Schoenbaum et al 31 reported drug addiction (cocaine and heroin) and CD4 counts to be predictors of early menopause in HIV-infected American women. CD4 counts >200 cells/µl were . In a large study of 1139 HIV seropositive women from the USA, in more than half of the women with prolonged amenorrhoea (>1 yr duration), the cause could not be determined and they did not have elevated FSH (ovarian failure) 32 . In our study, nearly half of the women with menstrual abnormalities were >40 yr age. Sixteen and 13 per cent women had menstrual abnormalities due to POI and HypoH, respectively. The cause could not be determined in nearly a quarter of the patients, even after evaluation of their LH, FSH, oestradiol and testosterone levels, suggesting need for further investigations. Polycystic ovarian syndrome is one of the most common causes of menstrual abnormalities in women in reproductive age group 7 . Lack of assessment of ovarian morphology in this study was another limitation. Increased age was associated with increased risk of POI in women <40 yr age. Our study showed that a better response to HAART (in terms of increase in CD4 count following initial 6-12 months of therapy) during the early part of the disease was associated with a lower risk of POI later. Lack of detailed assessment of clinical features of hypogonadism along with quality of life (using validated questionnaires) was also a limitation of this study. A few studies have suggested that sex hormone-binding globulin (SHBG) is increased in patients with AIDS [33] [34] [35] . Monroe et al 35 have suggested the use of free testosterone for the diagnosis of hypogonadism in HIV-infected males, as total testosterone may be falsely elevated secondary to increased SHBG, leading to miss of the diagnosis in many patients. Free testosterone assay was not done in our study. However, free testosterone assay is less reliable, less robust and less easily available as compared to total testosterone assay. Hence it is possible that our study may have slightly underestimated the prevalence of hypogonadism among HIV-infected males.
In conclusion, our findings showed that hypogonadism is a significant problem in HIV-infected men and women in India, affecting 39 and 29 per cent patients, respectively. HypoH was the commonest form in HIV-infected males. Menstrual abnormalities were observed in 40 per cent of HIV-infected women with HyperH being the commonest cause. Increased age was a risk factor of hypogonadism in both sexes. Low baseline CD4 count and increment in CD4 count following initiation of HAART were good predictors of hypogonadism in males and females, respectively. Our study also reported that low 25(OH)D was a good predictor of hypogonadism in HIV-infected males. Parameters with P<0.2 were included into the step-wise forward line regression analysis without adjustment for any variables (Model 1), after adjustment for weight, history of opportunistic infections and tuberculosis (Model 2) and after adjustment for variables in Model 2 plus LH and FSH levels (Model 3). Standardized coefficient (β): change in odds ratio with 1 unit change in predictor variable; for the tuberculosis variable, patients without tuberculosis were taken as reference group. 25-(OH) D: 25-hydroxyvitamin D; LH, luteinizing hormone; FSH, follicle stimulating hormone; AZT, zidovudine; 3TC, lamivudine; EFV, efavirenz; POI, premature ovarian insufficiency
